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ioport do, T10/39)
vatertown Arsenal Oetober 29, 1uu}
Reatriotsd :

Matallurpicsl kxamination nf Punshings from s

ot Turret of«Dritish a-12 Iafrntry Senk >

-yl

Furnose
#
The purpoee of this investigzution was to cetermine the metel-

lurglenl charanctoristice of thesce puncuings bMlown froms the cust

“.’.o-

turret of the 3ritlah =12 Infuaatry Tank U 75 na, KOL A, shell.

Conclusiona
s

1. ihe enrdon contant (G, LUL) La consicderer ton hisk far the
trdevnen: of rrunr enployed in e esnetyiating of this urret
(nomely, 3=3/16" thiek),

2. ?ﬁ;rn wam no avidenge of homozanmigrtinn na indieated dy the
prasmuce of waprecntions of moariva c;rbldﬂn tn v interdsnidritice
fillinz . (wme SMlaure 10w, )

h 'rhe turral won hept tranted U0 ¢ rol: tively aleh hardnees
(302=35 srinell).

4, Tﬂ; cust nrpor L8 considered iniarlor surllity ﬁatorial mowule:
evidenss of poor d;owidntlon pragtice mpi ca=ceianel halrline er:eove
in tae watal, . (Ses Xlgures Y, 6, £a, Kb, rua ra,)

Y "i':::e miorcstruoture of the armplas vavesled n fairly untfor

acionlar structure with an oacnslonal weores Rinn af vnwalve & vl

“llds gomausitt Tt besn o upwu\-od :
{or [n\l.-ll Ve emr" \\N’l eola; W
. : N -nl
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end nenastaliicr in the dendritic fillings. (500 Digures 9% and 9¢.)
€, Wgﬁﬂun. losk of hmogenicsing trsatment, aad relatively
bigh hardagss are $he provable osuses of tanaro.‘

‘Iatmmuon
In sosordsngo with imstrustions im 5.P.3. letter W70.5/168h dated
hagast 15, 1981, the melallurglesl oharsescriastics of three punchings
frea the British Ael2 Infaatry Tank were deterained, Confidenticl
A.P.0, Repers 10-52, 2ad Repert em Ordnsnce Program 5403, dated

ROE A

Aagust 28, 1951, esvers the Ballistic Seats oz this Samk,

Presedure and Tost Matericlse

The thres punchings vare sent to Yatertowa Arsennl fros Abardesn
with no fdentification and were punbered at this Aramal, masely, Ho, I,
o, 2, and Ho. 3 vespeotively. Tasese numbevs have ne relastien o the
reund numbers in the firing dats.

Hotaullurgical cxaminstion imoluded chismionl snmlysie, masro and
nicrossopic exanination, and hardiess survays, %ho avarage thickness
of sres sudbjested to dallietic teet wan 3-3/267%. Ballistio tests
vere made at Alerduen Proving Ground e noted above, Filguwres 3 and
are ospies of iverdose Proving Cround photographbs of the Surred aftsy
bellistic tesd (refareace, a.P.8. pbotogreph Hou, 4SD79 amd U89S0
respootively.) Figure ¥ {liustrates tis {yps of puachings exsmined.

Figare & s a draving indleating the nraos on the punchiags subjeatsi

- 2-
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to microscepic exemination, Figures 5 to 9 fncingive $llustrate ths
48070 a4 microstrugtura of she samples.

Section ¥o. 3 which originslly showed occmsionnl segregatioas of
areeive carbidss in the dendritic filling was homogunised and given

o bsllistic heat irestzent, notsd below, in crder to determine if

sugh &8 heat treatzent would eiiminate these segregations, 2T B
lowogenised &% 2000°F - 10 bours, air cooled. CPaa

Reheated to 1650°F - 3 hours, air cooled. MRS
Dress at 115097 - 4 hours, eir ccoled, e

The resciting hardness after thie hent “reataent was the same as . % .

¥
a1
1 ,;.u ‘Qn

S

foav L Inb 34 o,
deterninad ca the samples aa received. =5 o ity ceo
o AVTLL epd s
Dot o014
- ! ' ! :
Resuits i ;
[ |
i. Chemical snslysic A | !

T e,
Cheaioal enalyeis of the samples 18 ziven balow: UNA\NNOU%{?
] AL

1

¢ M _5 _P S8 _EL G Mo G M 7,
TR Thi Toid Toie T3 3.3 Lis W 0T J66 .

“;‘)“e

2. Hacroszsopic Exaxination

~, .
o g

The Geep hot scid eteh shows 2z dendritic olructure with inter-
cendritic segregation in the central portions. (Ses Figures 5 and 6,
he meore etch reveals the prezence of interdeniritic chrinksge through~
out the ceatral porticn of the cross ssotion,

Figare 7 1llustratea the typicel dendritic atruoture revenlsl
by the Oberhoffsr etch, A orack 1s visible oxtending $atd the crose

seation from the surface, 1t wag noted that the path of ywpture

ISNIeXI ANIWNHIADOL 1V d301ndoyd3y
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followed the desdritic pattern, (Bee Migure lia,} rigare 11b showe
wacrostrussure ¢f came praching after Watortowr svsmmal hest trsatnens,

1% 15 dalleved ¢ &t the noametellic vabsinnce visible arounnd
tha grains in %he udelched sestion has beea opensd wp by the hot zeid
obs, wkich also revsals that this ¢ondition 1s uore gogeral thza ox-
pastes from ths axeminmticn of the unelensd meriaces,

3. #icromcopie Exmaization

The gaeral inclusion rating of the turret ie about seerage
32 cast arzor plate, with some nonmateilics segregaled in the in%@r_-
dendriite £illinge. Yaroughout the snuple, however, sre wmeall aread:
in which nonaetallis material wurrounds the grain boundaries., Thave
are 2lso segragations of noumstailice in nome nreag that are mwore pro-
nouncad than in $he average case, Araeas conteining verosity are found
vhieh heva grain ovundary oracks cdjacent o the poaraoily,

The grain aine is not revenisd By stohing, and if the non-
netrilic substance in ths grain boundary szd intorsranvlar volde 19
tallen as an indieontien of the greim sigs, the grain sige thus determined
{2 gcereer bhan ASTH Mo, 1. The nital eleh shows a falrly uniform
acloulay etructure that on high megnificntion is ravanled as sorbite,

Massive cerdides are occasionally found in all of the micre
spesinens vhich is indicative of the lack of a proper homegenizing

treatacat. Thess ¢ardides are usually found sonrpclatnd with nvaercus

ronnetallics in the intardemdaritic filiing., ¥Yigurvesn 5 - 9 inclusive
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3llusirets the uaoro and sicrectructure of the wamples,

Figures 1Ga, b, sd o 11lustrate Yyploal ssgregztions of
e2rbidee in the fnterdendritie fililnge and ~ien the abeence ¢z thesa
sogrogetions aftar the Walerlown Arasmal bomsgaaising 834 Delitetie
hent trsatzments, Figere lla shows ond ¢f ithe pamplew shoze frastere
follows $ho demdricic pattera,

h, ifsrdaecs Sorveys

‘e tezalts of hardnees surveya mnde on ths ssmples

ave givom Bolew,

NUT

Kazximae - INC Eeineil

Einiwm - 302 Beinell

bverage - 321 Brinell

5, Rellistis Tests
The dailistic testa roported below wars medo ot Aberdesa

Proving Grscad sad reperied in Oonfifential AP0, Repors 1052,
Report on 3aliiciic Tead ea British A-18 Infanitry Tank ond Scsssd
Report oa Ordasncs Progrss 54594, dated tugust 28, W9#1,

8. PThe British A-12 Iafsatsry Tenk wra %ostsd on
aAngaat 13, 1581, in scoordemce with the chenge of the original
firing progroaw rocornmdbed by Fr. Pergaeon af the B.H.G. to
prevesd excessive dsesza of the tank, Id wae requsatsd by Me,
Parguson that the tank be conserved for testing troska, and
nease that only she ‘urret be teated, fTherefore, lhe toste
oatiined In paregrapd “h* and ®4° ¢f the fizing pregran ia
§he basic lotter vare garrisd ous,

b, The firsd pound of 75 ma, AP, H6L (B5° yaw)

cansed @ pardial pametratioa widh no demage o the retating
ssdneniss, Three more rounds wovos £irsed 0 obfain a balliastic

-5-
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Alnit, Tho first of thees rounds krooXed oud a punshiag
(3597 f.0, 8.v.) and pussed through Sho wnll of the turret.
The Shird and feurth snots sleo removed punchingas, sng of
which fel)l out; the othar was slmoast pushed through (s.v.
1511 f.e, and 1435 f.u, respectively). Aftor this fiving
13 bulte tn the Vase Ping of the turret wsrs nisning snd

b of the § remaining were loose. Al holted fiziures nesr
the {npunots were loosened daring the firing, In that the
fourth rownd esused & cosmplete penatration with & small
erack of light, 1¢ war'poneluded thet the balllctie limit
wvith the abova four rounds was about 1HiD f.a, The averegs
‘hicknese of aran tested wes 3.3f169,

8. Cme yound of 105 mm, H,E. shell with delayed
fuze {zona loaded to 1020 f.s. m.7.) wea then fired at the
turret well about a foot above ths dedkr plete en *he left
frornt side of the taxnk, The hesds of thres bolis in the
edze of the deek plate were shoare? of?, The dagk plate i
close to the turret at the fromt loft corner vz deat down~ 3
vard causing the sazle ixside tle Ceak bBalow thie deak plute
to bend and allewing a 1/8% arsok to open betveen tha deek
plate and adjacent sile plate, Two bolts lolding the turret
ring to the deck plate wars dlown Aswn in%o the oponses, A
bracket mounted cn 3he turret naar the front of the impact
w23 blown off, The rotating mechanism of the turret was
still in cperating condition afier all firing had bean complated,

iscnssion

The punchings Yiown from the eaet turret (Figurse 1 and 2) which
sre shown in Flgure 3 indicste & cearse orystalline fructure on the
oxid face, {(Ses arrowns.) Heero srd microscevic ersmination made
on sections of the punchings {Pigures b « § inelueive) slzarly showad
vhe presente ¢f ocessional unsoundness sueh as wolds, dendritis sesroys-
tica, and nonmetallic grain boundery sogrezatze, The dafscts noted
ere the rosulé of a combination of poor qecniédniinn vractice and

incozplete diffusion 4reatreanis. A homegwizatinng obudy wae

JSNIMKI INFWUNZIAQD Lv G30NC0HEIY
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mnde ot Yatertewm Airewnel on one of the srmples shawing carbide sesve-
2etlons and 1t wae 2howvn that the homogsninatlon cycle employed,
deccridod on page 1, ocampletaly elininnted ¢thls tyoe of sagregation,

Tarthermore, this turrst was heat treated to a relstively high hard-

- Vs

nesa, The k! h hardness, 22-340 Brinell, cesociated vith the casting

Gafpety pragant wag rasponsidle for fallure,

-

Kre, 4, Hurlish sade $he metallographic examinations.

Re apeatm'}. 3y aubaitted,

S

8, L, RHead,
Rgeearch Metellurgist,

yl . ﬁuf ggu.ﬁ'ﬁ../

a, &, Batihews,
lat Lt., Ord. Depk.

s

APPROVED:

a. s‘ Qi%@hi',
ke, Cel., Ore. Daps.,
Mrecter of Laboratory.

e
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REPRODUCED AT GOVERNMENT EXPENSE

Shid Ll
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Heure )

Fhotograph of turrel after Ballistie Sest shoving
offest of 75 mm. A.P. s2oll NE). Nallistie limi$ sppreximailely
11410 £fe. (Photogveph by Absrdeen Previag Greund.)
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RFPRODUCED AT GOVERNMENT EXPENSE

Ngure 2

Pho togreph of pordion of interioy of turret smswing
complete peastrations under attask of 75 mm, 4.2, shell i1,
Ballistie 1imis approximately 1410 £/e, (Photograph by sderdesm
Froviag Greund.)
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REPRODUCED AT GOVERNMENT EXPENSE
Tigare 3
Photograph of puashiage - Nes. 1, 2, and 3.
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PEPRODUCED AT GOVERNMENT EXPENSE

Figure
Hagroatrueture of Juvnehing Mo, 1
(Deep Bted)

The deey bt 28id otk chews & deadritie strwsture
with interdendritic segregation ia the santral perticas. The
zagTe oteh reveals a ooarse demdritie strusture with small ksir-
1¢n» 3rscks Sthroughout the csntral periiea of the cress seetien.
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Higure 6
Hegrostructure of Peaching So, 3
{Dssp Steh)

Descrintion sana s that soled in Figure 4,
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REPRODUCED AT GOVERNMENT EXPENSE

Figurs ¥
Irpicel Macrorteucture of Casting {(Oberbeffer ijeh)
and ¥icrosgopic Study ef Desdrpiise ¥egrassilen

{&; Fo. 2 - Dendrisic nuture of ensiing, COreck extending
dsva fran the ¢neting surfese,
QberhsfPorts Iitoh =2 XA, Y
{b} Bo. 2-1 -« Dandritic mezregation typicsi ef the
gnesing,
Bitel ngch X85 Ha-5h
‘o) ¥o. 1-3 - Avorage nonastallic iselueien seadidien ia
: the panahizgs. Inslusicas sagregated lergely i» 1de inter-
domari{tic fillingo,
Unatshead 25 MA-2531
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Rt PRODUCED AT GOVERNMENT FPENSE

Eigure &
Hierostrusiure

Unstehed

B3, 1e1 .« Films syound grain Yeunderics fownd ia
icoiated reglien is micrcrponizen. The hst asid oteh chows
this ssadition t0 to more videdpread VVam axpaolied fren ma
smpxtnation of tho pelishaed unsished ' faces,

Unetsksd 100 XA Y533

e, 3.2 - Gxides sad oxide filas srcund grsias found
18 o percus regisn adoud 1/8x1/B* {n area ¢n upoeimca,.

Unetches X306 MA-3618

g, -2 o~ rorceivs and graia Wandary craeko found
18 & 2oroux aven adend 1/0WxA/HE dn extami,

Unesehed RL00 % 35%0

I8 1s Dalieved thes ithe acaree fraoture feusd ca the
pamshings is 4duc $o faliuve extending along defestivs regions
1ike 8hs abave, altheugh only iselated regione of this typs
were fowrd in tho polished spetinesls, the het ocid slch re-
vaaled & more sozeral occurrsage sf hairlinoe ewechs, and &
soaree, opan dondritie strusture, assosiated with shrinkage

poresity.
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REPRODUCED AT GOVERNMENT EXPENSE

¥igare 9

Klioroatrueturs

Unetohed and Etched in 12 Nitad

o, 2-% = olog-fillod shrinkage poroeily found st
surfage of cessting., 'The surface of the gasting is uarked
with many Lines snd crasks, some of whioch are found to
extend mcre than 1/2% into the wetal. (Ses NA-3527.)
Thess crucks cest t0 D9 hot tears. Jeme porosity also »m-
tends to the caeting enrfaos.

thetahed X% HA-3532

Ho, 52 = %hers is o dand about 1/8* wide exteading
ssross thic speoimen and roughly parallel to the castiag
surfage snd 1-1/U" avay frem the sarfase that eeatains heavy
segregaticns of ncauetallics and maseive eerdiles are foumd
assesiated with the nonmetallic imclusions Just as in
XA-3529. Thie region has, in afddition, & mers segregated
sferostructuse, with she nonmetallios and the sarbides
usaally fouad in the interdmdiritie fillings, (This dend
aleo extenis noross specimen Ko, 31.)

¥ital 2toh X100 WA~ 3536

No, }-2 -~ A4verage niorostrusture of punchiags.
sphereidisad sorbite arranged ia acloular fashles, Fale
alorostructure is falrly uaifernm,

¥ital Eton X000 RA-3598
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Mo 10
Kiarestrugsture of Fuaghings

{a) ares 1/8Y delov impacted surfese of epecimen Ho, 1=l
showlng messive curbldes segregated in tiue interdenaritic
21iling acterial ceasaining a high concentration of noa-
astallic inolusioann,

Tnatched X80 Ha~3529

(%) Hicrostructure of section of puachiog Ho. 3 after the
following heat treataemt:

wa X,

. 2000°F - 10 hours - nir cool
166007 - hours - mir cool
1150°F - & hours - sir cool

The massive cardides were put inte eslutiom by thig hest

tesntuent,
¥ital Kteh K100 Ki-35691
(o) View st bigher mognificetion of the above spesimea,

Acicaiar sorvitic strusturse with finely epheroidiged eardides,

£ital Itch %1000 ¥4 3650
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REPRODUCED AT GOVERRMENT EXPEMSE

Figure 11
Yacro atrustura of Praehinsyg

(a) Macrostructara of specimar No. 2«1 which had o acoarss
fraature, The fracturc followe the entlins of the inter-
denaritic f1lling asterisl iz vhioh ths impurities snd
oxids films are ssgrezated,

Oderhofferts Ztoh X3 Ba- Y663

() haerostrugture of spacize fo, § aftaer the hemogerising
haat treasmens:

00T - 10 hours ~ air #9sd
1680°F - 3 hoars « air eoel
1150°7 ~ hours « air oool

¢
]
’ Ho appresiadle change in the masrostinotups wes produced
. by the treatuent.
- Oberhofler'a Eigh A3 %3057
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